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SUMMARY
The competition between the RNAs from two tobacco mosaic virus (TMV) strains for translation in rabbit reticulocyte lysate and wheat germ cell-free systems was investigated. The virus translational products were distinguished by the size difference of the I2 polypeptides. The RNAs of the two strains were translated simultaneously if added to the translation system together at the beginning of the reaction. Each of the TMV RNAs could inhibit translation of the other when the reaction was initiated by the RNA of one strain and that of the other strain was added after active translation had commenced. In contrast, translation of alfalfa mosaic virus (AMV) RNA was not appreciably inhibited when its RNA was added after the start of translation of TMV RNA; the addition of TMV RNA to an AMV RNA-initiated reaction also resulted in independent synthesis of the products of both virus RNAs.
Since the detection of virus-specific proteins in infected plant tissues is difficult, cell-free translation systems have been used in the study of the translation of the virus genome. Different virus RNAs, even those from the same multicomponent system, have different translation efficiencies. Coat protein messenger RNAs, e.g. brome mosaic virus (BMV) RNA 4 (Shih & Kaesberg, 1976 ) and alfalfa mosaic virus (AMV) RNA 4 (van Tol & van Vloten-Doting, 1979) outcompete their own or each other's RNAt or RNA z. BMV RNA 4 outcompetes BMV RNA 3 translation as do satellite tobacco necrosis virus RNA and cowpea chlorotic mottle virus RNA4; however, AMV RNA 4 does not outcompete BMV RNA 3 and is co-translated (Davies & Kaesberg, 1974; Herson et aL, 1979 ). The present study examines possible competition between TMV RNAs in an in vitro system.
We used the wild-type strain of tobacco mosaic virus (TMV w) and the avocado isolate (TMVA) (Alper et al., 1978) , two strains which protect against each other and cross-react serologically (M. Bar-Joseph, unpublished results; Bar-Joseph & Salomon, 1980) . However, the strains differ in cell-free translation products. TMV genomic RNA yields two main in vitro translation products: a 140000 mol. wt. polypeptide designated the L cistron product, and a 30000 tool. wt. polypeptide product of the 12 cistron, as well as a 165 000 tool. wt. polypeptide which is a read-through product of the L cistron (Beachy & Zaitlin, 1977; Pelham, 1979) . We show that the TMV a 12 cistron directs synthesis of a polypeptide slightly larger than that of TMV w. We were thus able to distinguish between the translation products even in a combined system where TMV w and TMV a were translated simultaneously.
TMV w and TMV a RNA were prepared from CsCl-purified virus particles as described by Salomon et al. (1976) . AMV, which was the kind gift of Mr A. Bialer, was propagated in tobacco and isolated according to the method of van Vloten-Doting & Jaspers (1972) . Wheat germ S-30 was prepared as described by Roberts & Paterson (1973) . The reaction was carried out without the addition of spermine or spermidine, and incubation was for 120 min at 25 °C. Rabbit reticulocyte lysate was prepared according to Pelham & Jackson (1976) . Incubation was carried out for 60 min at 30 °C with 1 mM-magnesium acetate and 130 mM-potassium acetate.
0022-1317/82/0000-5035 $02.00 © 1982 SGM show the products of 2 gg TMV w RNA and 2 gg TMV^ RNA respectively translated by the rabbit reticulocyte lysate. Lane 3 shows the products of both RNAs translated simultaneously at zero time. Lanes 4 to 6 show the effect of adding 2 gg TMVA RNA at 2, 5 and 10 min respectively after initiation of the reaction with TMV w RNA. Lanes 7 to 9 show the results of adding TMV w RNA to a TMV A RNA translation system at 2, 5 and 10 rain respectively after initiation of translation. Lanes 10 and 11 show the products of TMV w RNA and TMV A RNA respectively after 10 rain translation. Note that although the 12 gene products are present at this time, high mol. wt. products are absent. Lane 12 shows the products resulting from initiation of translation with TMV w RNA followed 10 min later by addition of AMV RNA. Lane 13 is without exogenous RNA. Each lane contains 2 x 105 ct/min acid-insoluble [asS]methionine-labelled products. The migration of non-radioactive mol. wt. markers is indicated to the right of the figure.
Saturation of the 50 gl wheat germ reaction system that contains 10 gl S-30 was achieved with 1 gg purified TMV RNA. Competition reactions were conducted with 0.25 or 0.5 gg R N A / 5 0 #1 reaction system. The rabbit reticulocyte lysate had a higher saturation capacity for virus R N A and saturation was not achieved even with 4 gg TMV R N A in a 25 gl reaction system. As competition could not be detected at lower concentrations of R N A , 2 #g of each virus R N A were used in these experiments. The translation products were labelled by the addition of L-[a~S]methionine (900 to 1390 Ci/mmol, Amersham International)to the reaction mixture and analysed by SDS-polyacrylamide gradient gel electrophoresis (Laemmli, 1970; Salomon, 1978) . The gels were dried and exposed for autoradiography on X-ray film. The products of translation of R N A from TMVw, TMV A or AMV in the wheat germ system were similar to those of the translation of the three virus R N A s in the rabbit reticulocyte cell-free system. To ascertain whether individual virus R N A s affected each other in in vitro translation, mixtures of R N A from TMV w, TMV A or AMV were included in the same reaction; the products formed are shown in Fig. 1 . Lanes 1 and 2 demonstrate independent translations of TMV w R N A and TMV A R N A in the rabbit reticulocyte lysate. Lane 3 shows the 12 products resulting when both TMV RNAs were added at zero time. Lanes 4 to 9 show the effect of the time of addition of the second virus R N A to the reaction. The decrease in production of the 12 products of the TMV w or TMV A R N A species added later is seen. Lanes 10 and 11 show that the 12 product was synthesized within 10 min of initiation of the reaction. However, both TMV R N A species inhibited the translation of each other with similar efficiency. To rule out the possibility that all the initiation factors of these cell-free systems had become exhausted after 10 min, we added the unrelated AMV R N A to the reaction I0 min after initiation with TMV w RNA. Lane 12 shows the abundant production of AMV coat protein (mol. wt. 25 000) in the mixture. Fig. 1 clearly illustrates the reciprocal inhibition between TMV w R N A and TMV A RNA, and shows that the translation of the non-related virus R N A is unaffected. A similar specific inhibition was also evident in the wheat germ system, but complete inhibition occurred only after the reaction had proceeded for 30 min. Furthermore, with the wheat germ S-30 system, AMV RNA failed to block the expression of TMV RNA when the latter was added 30 min after initiation of the reaction and vice versa. Fig. 2 shows that increasing the amount of each RNA did not alter the major products but did cause a relative increase in the I z product accompanied by a decrease in the L product (140000 mol. wt.). The relative change is evident since equal amounts of acid-insoluble [35S]methionine were applied to each lane of the gel. Lanes 7 and 8 show the inhibitory effect of one TMV RNA species on the translation of the 12 gene of the other species.
We have been able to detect specific interference in translation of 12 products induced by sequential addition of RNAs of the TMV strains to the wheat germ and rabbit reticulocyte cell-free systems. Moreover, the inclusion of RNAs from an unrelated virus failed to inhibit TMV RNA-directed translation of the 12 products or other virus-specific products. The same translation products were obtained from both in vitro systems, therefore minimizing the possibility of a translational artefact. Differences in products of wheat germ and rabbit reticulocyte lysate systems have been noticed with some other viruses (Dougherty & Hiebert, 1980; Koziel et al., 1980) . Post-translational processing in a cell-free system was recently indicated with some other virus RNAs (see Morris-Krsinich & Hull, 1981; Morch & Benicourt, 1980) ; thus, it is possible that the difference between the I z products is the result of such processing. The data presented in this work do not exclude such interpretation.
Since RNAs of both TMV strains are probably translated with the same efficiency by cell-free systems from wheat germ or rabbit reticulocytes, inhibition is probably not the result of an unspecified endogenous factor in the systems (Herson et al., 1979; Pelham, 1979) . The results might suggest that there may be different classes of ribosomes and/or initiation factors, and that AMV RNA utilizes a different set to that used by TMV RNAs. It has been previously suggested (van Tol & van Vloten-Doting, 1979 ) that AMV RNA 1 and RNA 3 utilize a different initiation factor to RNA 2 in the rabbit reticulocyte system. Further studies with several virus RNAs (from related and unrelated groups) in in vitro systems with different ribosomes are needed before this phenomenon or cross-protection can be explained.
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